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ABSTRACT

The objective of this work has been to enhance the predictive capability of widely used CFD codes

through the use of solution adaptive gridding. Most problems of engineering interest involve multi-

block grids and widely disparate length scales. Hence, it is desirable that the adaptive grid feature

detection algorithm be developed to recognize flow structures of different type as well as differing

intensity, and adequately address scaling and normalization across blocks. In order to study the ac-

curacy and efficiency improvements due to the grid adaptation, it is necessary to quantify grid size

and distribution requirements as well as computational times of non-adapted solutions. Flowfields

about launch vehicles of practical interest often involve supersonic freestream conditions at angle

of attack exhibiting large scale separated vortical flow, vortex-vortex and vortex-surface interac-

tions, separated shear layers and multiple shocks of different intensity. In this work a weight func-

tion and an associated mesh redistribution procedure is presented which detects and resolves these

features without user intervention. Particular emphasis has been placed upon accurate resolution

of expansion regions and boundary layers.

Flow past a wedge at Mach = 2.0 is used to illustrate the enhanced detection capabilities of this newly

developed weight function. Figure 1 presents weight functions evaluated using the previous proce-

dure, lower half plane, as well as the current procedure, upper half plane.

_"EIGHT WITH/WITHOUT BOOLEAN

Figure 1. Comparison of Weight Functions.

ADAPTED GRID WITH/_THOUT (BOOLEAN)

(_o.so.s)

Figure 2. Comparison of Adapted Grids.

It can be observed that both weight functions clearly detected the primary shock. It can also be seen
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thattheexpansionfan,boundarylayer,andthereflectedshocksaremuchmoreclearlyrepresented
in thecurrentweightfunction.Adaptedgridsusingbothweightfunctionformulationsarepresented
in Fig. 2. Thehigh gradientregionsof theexpansionregionareonly reflectedin theadaptedgrid
usingthenewweight function. The reflectedshockis alsomuchsharper.Figure3 comparesthe
solutionobtainedusingthecurrentadaptionprocedurewith thatobtainedusingtheoriginal grid.
Theenhancedresolutionis clearlyevident.

ADAF'TED/ORIGINALSOLLITION (BOOLEAN)

Pl[nul[

Figure 3. Comparison of Solutions Using Adapted Grid.

Supersonic flow at Mach= 1.45 and 14 degree angle of attack has been simulated around a tangent-

ogive cylinder. The grid and associated flow solution constructed after two adaption cycles using

hybrid differencing of the grid equations and the current weight functions is presented is presented

in Figure 4.

Figure 4. Adapted grid after two cycles. Figure 5. Adapted grid after two cycles.

Figure 5 presents the grid constructed using the previous weight function and the same flow condi-

tions and number of adaptation cycles. Figures 5 and 6 present streamwise cuts of the two grids

shown in Figs 4 and 5 at X/D = 5.5 and 7.5 respectively
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Figure6. X/D = 5.5 Figure7. X/D = 8.5.

Figure8 presenttheflow solutionobtainedusingtheNPARC [NASA 1993]flow solver,theKE
turbulencemodeloptionandtwo adaptationcycles. Figure9 presentstheassociatedweightfunc-
tion.

!

Figure 8 Normalized Stagnation Pressure. Figure 9. Weight Function.

Examples will presented to demonstrate the capability for solution-adaptive regridding of multi-
block launch vehicle simulations.
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